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Abstract 
Number sense can be described as good intuition about numbers and their relationships. Individuals with good 
number sense tend to exhibit the following characteristics when performing mental computations; sense-making 
approach, planning and control, flexibility and appropriateness sense of reasonableness. This is a very important 
skill to be mastered by every individual to enable them to handle numerical problems in their daily life. Students 
rarely face problems with algorithms. Unfortunately, many studies have showed that students have poor 
understanding in making sense on numbers when tested on their competency in number sense component. This 
study aims to investigate if there is a relationship between student performance in number sense and mathematics 
achievement and to explore the components of number sense that students are weak in. 
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1.        Introduction 
Mathematics trains the mind to think logically and systematically in solving problems and making decisions. This 
discipline encourages meaningful learning and challenges the mind, and hence contributes to the holistic 
development of the individual (Ministry of Education, 2004). Parallel with this school of thought, many 
mathematics educators have suggested that the process of learning and instruction of mathematics should focus 
towards student understanding of numbers. In this context, students should be able to understand why and how 
computations or algorithms are computed (Munirah Ghazali, 2001). 
 
The number sense component is a section of meaningful learning and understanding of mathematics. The process of 
learning and instruction of number sense is considered to be the key ingredient and a major topic in the mathematics 
curriculum (National Council of Teachers of Mathematics, 1989; Yang, Li and Lin, 2007; Nickerson and Whitacre, 
2008). 
 
Number sense refers to an individual’s general understanding of numbers and its operations, with the ability to 
develop useful, flexible and efficient strategies for handling numerical problems (Yang, 2003). According to 
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Nickerson and Whitacre (2008), number sense can be described as good intuition about numbers and their 
relationships. Individuals with good number sense tend to exhibit the following characteristics when performing 
mental computations; sense-making approach, planning and control, flexibility and appropriateness sense of 
reasonableness. This is a very important skill that has to be mastered by every individual to enable them to handle 
numerical problems in their daily life situations. 
 
Due to the importance of number sense in learning mathematics, this topic has attracted a growing amount of 
attention and research worldwide. This can be seen from various ministry of education and bodies all around the 
globe that are striving hard to create a reformation in the learning and instruction of mathematics with the emphasis 
of the number sense component. 
 
For example, a major mathematics curricula revamp is currently under discussion in Taiwan in which, the 
importance of teaching and learning of the number sense component is also underlined (Yang, 2003; Yang, Hsu and 
Huang, 2004; Yang, Li and Li, 2008). The National Council of Teachers of Mathematics (1989) argues that children 
must understand number meanings if they are to make sense of the way numbers are used in real life situations. 
 
According to Yang, Reys and Reys (2007), number sense becomes meaningful and valuable to students when 
teachers believe that developing number sense is more important than mastering the rules associated with written 
computation. However, many studies have shown that students demonstrate very little understanding of numerical 
situations when they solve number problems (Noor Azlan Ahmad Zanzali and Munirah Ghazali, 1999). Students 
rarely face problems when performing algorithms. Unfortunately, when it comes to understanding the meaning of 
number and operations, relative number sizes, composing numbers and recognising effect of operations on numbers, 
students generally fail to master the latter. 
 
Prior to this condition, during the past decade, many research and studies have been focused on number sense. Most 
of these studies focused on generally two areas; the performance of students in number sense competency or the 
instruction of mathematics teachers (Yang, Li and Li, 2008). 
 
In the aspect of number sense competency, the researcher felt that students face difficulties in certain elements in 
solving problems that are related to number sense. Therefore, rather than looking at the whole picture of number 
sense competency holistically, a focus on certain elements in number sense can derive from the investigation of 
difficulties faced by students. 
2.        Background of the Study 
Number sense is relatively a new term as far as the mathematics curriculum is concerned. However, emphasis on 
meaningful learning and understanding of mathematics has been widely discussed for many years, and is already 
accepted in mathematics education (Yang, Li and Li, 2008). In the past decade, estimation has come to be seen as a 
very significant component of number sense. The importance of mental computation has also been a growing 
emphasis during this period. Estimation requires mental computation, thinking and making sense of the 
computation. This is a process that cannot rely on rules or mechanical procedures (Bana and Dolma, 2006). 
 
Even Yang, Hsu and Huang (2004) in their study confirmed that teaching processes which focused on written 
computation could not help children develop meaningful understanding. Hence, the importance of number sense is 
brought up. The Principles and Standards for School Mathematics even highlights that the major goal of the Number 
and Operations Standard is to help children develop number sense (National Council of Teachers of Mathematics, 
2000). 
 
Munirah Ghazali et al. (2003) in their study believe that the development of number sense will play an important 
role in elementary mathematics education in Malaysia. Although the term ‘number sense’ is not widely used in the 
mathematics education of Malaysia, one of the objectives of the mathematics curriculum is to enable pupils to 
acquire basic mathematical skills such as making estimation and rounding (Ministry of Education, 2004). 
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Reports by the Examination Syndicate MoE Malaysia (1995; 1996 in Munirah Ghazali et al., 2003) highlighted the 
issue that secondary school students are not able to acquire the basic concepts of mathematics. They could only 
guess the answers but were not able to actually work out the problems. Some very weak students even did the 
working only by using numbers in the given problem without understanding the problem properly. 
 
With the growing emphasis on number sense around the globe for the past decade, mathematics educators are 
concerned that many students demonstrate little understanding of numerical situations in which they solve number 
problems (Noor Azlan Ahmad Zanzali and Munirah Ghazali, 1999). This situation is also encountered by the 
researcher herself in the classroom. Students who are in the age of 16 and 17 years are still struggling to perform 
simple number problems. For example, multiplication of a number with zero, as well as, finding the product of a 
whole number and decimal number. They are very dependent on the calculator in aiding them to solve their number 
problems. 
 
Many studies have showed that students have poor understanding in making sense on numbers when tested on their 
competency in number sense component. Reys and Yang (1998) in their research found that the sixth- and eighth-
grade students in Taiwan were successful on written computation but rather weak on number sense. Researchers 
have also reported that many Taiwanese students lack number sense despite having good proficiency in written 
computation (Reys and Yang, 1998; Yang, Hsu and Huang, 2004). 
 
In another study by Bana and Dolma (2006), they reported that there appears to be a significant gap between 
students’ number sense and their computation ability. The mean score on the students’ number sense test was 41%. 
This result is a little similar to the result obtained in an international study on number sense of students from four 
countries conducted by McIntosh et al. (1997) where the mean score on the number sense test was 52%. 
 
According to Noor Azlan Ahmad Zanzali and Munirah Ghazali (1999), students are better at manipulating and 
following symbol rule than they are at making sense of the numerical situations. Despite being that, school 
mathematics is very much focused on the computation component in the number strand rather than placing more 
emphasis on the number sense component (Bana and Dolma, 2006). 
 
Giving meaning to mathematical problems plays an important part when these students leave school to face the real 
world. As it is reported, over 80% of all mathematical applications call for estimation, rather than exact computation 
(Bana and Dolma, 2006). Hence, the reason why the researcher was interested to identify the components of number 
sense that the students were weak in. The answers to this problem can become one of the foundation stone to 
identify the cause of number sense incompetency among Malaysian students, thus, opening up more paths to 
identify and rectify the incompetency of students in the number sense component. 
3.        Objectives of the Study 
3.1. To investigate if there is a relationship between student performance in number sense and  
mathematics achievement. 
3.2. To explore the components of number sense that students are weak in. 
4.        Methodology 
The study of this research involved respondents who were selected at random consisting of 32 Primary Four 
students who achieved a score of 80% and above in their Mathematics Take Off Value (TOV) for the year 2010. 
The instruments used consisted of a paper-and-pencil test named “Number Sense Test”. The items of the Number 
Sense Test was designed by McIntosh et al. (1997) and adapted by Noor Azlan Ahmad Zanzali and Munirah 
Ghazali (1999). The researcher used both, English and Malay Language as the medium of instruction in 
administering the test to avoid the occurrence of language constraint as a factor that could affect the result of this 
study. 
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The Number Sense Test consisted of 20 questions, where each items were categorised into the five strands of the 
number sense framework designed by Yang, Hsu and Huang (2004) and Yang, Li and Li (2008); 
 
4.1. Understanding the meanings of numbers and operations: this implies an understanding of the base ten 
number system (whole numbers, fractions and decimals), including place value, number patterns and the 
use of multiple ways to represent numbers. 
4.2. Recognising relative number size: this implies the recognition of the relative size of numbers. 
4.3. Being able to compose and decompose of numbers: this implies the ability to decompose and compose 
numbers flexibly for the convenience of computational fluency. 
4.4. Recognising the relative effect of operations on numbers: this means that an individual is able to recognise 
how the four basic operations affect the results. 
4.5. Judging the reasonableness of computational results: this implies that individuals can mentally apply 
estimation strategies to problems without using written computation. At the same time, they should also be 
able to judge the reasonableness of the result. 
 
Each item answered was given 1 point if correct and 0 point if incorrect (Yang, 2003). No partial credit was 
awarded. Therefore, the total possible score for the test was 20 points. The Number Sense Test was administered 
using computer. The items were projected on a screen, while respondents were only given answer sheets to write 
their answers. This was to avoid the occurrence of the respondents performing paper-and-pencil computation. 
 
The researcher projected each item visually one by one on the screen using a projector. The respondents in the 
classroom were given 30 seconds to read and answer each item (Bana and Dolma, 2006; McIntosh, 1995). This 
procedure was also to avoid the occurrence of the respondents performing paper-and-pencil computation. The 
answer sheets were then collected and evaluated. 
 
The respondents’ mathematics TOV for the year 2010 (mathematics achievement test results) was recorded prior to 
conducting the paper-and-pencil test. As the score for the mathematics achievement test were obtained in the 
percentage value, therefore, the 20 point paper-and-pencil test was also converted into a percentage value to enable 
the researcher to correlate the two variables. Based on the data obtained, the Pearson cross-product moment 
correlation test was then conducted using SPSS. The result of the correlation test enabled the researcher to answer 
the first research question. 
 
The results of each respondent’s answer sheet were then assessed to identify which of the five components of 
number sense that the respondents are generally weak in. 
5.        Analysis and Discussion 
Based on results obtained, more than half of the respondents were able to answer correctly the items 1, 3, 4, 5, 6, 7, 
8, 9, 10, 13 and 19 while the rest of the items are vice versa. 25% of the respondents scored within the range of 15-
20 in the 20 point number sense test. Meanwhile, 47% of the respondents scored within the range of 6-9.  This 
shows that almost half of the respondents are still weak in the aspect of number sense despite obtaining high scores 
in school examinations. 
The results from the test were then analysed using SPSS and the following results were obtained; 
 
Table 1: Mean and Standard Deviation of the tests conducted 
 
 Mean 
Std. 
Deviation N 
Number sense 58.28 23.335 32 
TOV 2010 86.38 4.784 32 
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Based on Table 1, the average score of the mathematics achievement test (TOV 2010) is 86.38%. This shows a high 
competency level of the respondents in mathematics learning at school. Ironically, the same group of respondents 
declined in the level of number sense competency with an average score of 58.28%. This means, on an average 
basis, the respondents only manage to successfully answer 12 items out of the 20 items posed, where the lowest 
score obtained is 6 while the highest score obtained is 20. 
 
The following illustrates a scatterplot diagram of the results obtained as well as a tabulated correlation matrix 
between the number sense test and the mathematics achievement test; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Relationship between Number Sense and TOV 2010 
 
Table 2: Correlation between Number Sense and TOV 2010 
 
 
Number 
sense TOV 2010 
Number sense Pearson Correlation 1 .280 
  Sig. (2-tailed)   .120 
  Sum of Squares and Cross-products 16880.469 970.625 
  Covariance 544.531 31.310 
  N 32 32 
TOV 2010 Pearson Correlation .280 1 
  Sig. (2-tailed) .120   
  Sum of Squares and Cross-products 970.625 709.500 
  Covariance 31.310 22.887 
  N 32 32 
 
From the scatterplot diagram, the distribution displays a positive linear relationship despite a few samples obtained 
does stray away from the linear relationship. From Table 2, it is true that the distribution thus display a positive 
linear relationship with the Pearson Correlation 0.28. Despite producing a positive relationship between number 
sense competency and achievement test results, a correlation which ranges from 0.20 to 0.35 only displays a slight 
relationship (Creswell, 2008). 
 
Therefore, we have to reject the null hypotheses and accept that there is a significant relationship between student 
performances in number sense and mathematics achievement with 28.0,05.0  ¢ rp . From the values obtained from 
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the table above, we can summarise that the variability of mathematics achievement results explains 8% of the 
students’ number sense competency ( 079.02  r ). 
 
To enable better understanding of the findings, each item were categorised according to its number sense strand as 
described by Yang, Hsu and Huang, (2004) as well as Yang, Li and Li, (2008). The following table describes the 
items that were answered correctly in percentage value; 
 
Table 3: Correlation between Number Sense and TOV 2010 
 
Number Sense Strand Items Correctly Answered (%) 
Understanding the meanings of numbers and operations 
1 87.5 
2 46.9 
3 96.9 
4 68.8 
Recognising relative number size 
5 71.9 
6 65.6 
7 81.3 
8 100.0 
9 56.3 
Being able to compose and decompose of numbers 
10 68.8 
11 37.5 
12 43.8 
13 100.0 
Recognising the relative effect of operations on 
numbers 
14 21.9 
15 28.1 
16 25.0 
17 28.1 
Judging the reasonableness of computational results 
18 28.1 
19 71.9 
20 37.5 
 
According to table 3, from the first strand of number sense, understanding the meanings of numbers and operations, 
items 1 and 3 were easily solved by the respondents. Item 4 was on a medium level meanwhile, item 2 seemed tough 
on the respondents. Item 4 is about finding the product of two decimal numbers while item 2 is about identifying the 
fraction of a diagram shown. This shows that despite being on a low level strand of number sense, students have 
some difficulties in the concept of decimal and fractions. 
 
In the second strand, recognising relative number size, items 5, 7 and 8 were quite easily solved. However, a small 
level of difficulty is seen in item 6 which is about arranging 5 given digits to form the smallest number. Meanwhile, 
about half of the respondents were unable to solve item 9. This item asks the students to deal with fraction. Again it 
is noticed that students have a certain level of difficulty in understanding the concept of fraction. According to the 
results obtained from this strand, it seen that students generally have a small level of difficulty in recognising the 
relative size of numbers. 
The third strand refers to the ability of composing and decomposing numbers. Students show a level of difficulty in 
items 10, 11 and 12. However, all students were able to correctly answer item 13 which is about making 
approximation of subtraction of two numbers. Item 10 is about multiplication and division. Item 11 is about fraction 
while item 12 is about decimals which are again seen as difficult concepts to students. 
 
From the table, it is clearly seen that students generally have a lot of difficulty in the fourth strand, which is 
recognising the relative effect of operations on numbers.  Item 14 and 16 are about the concept of decimals while, 
item 15 tests the students on the concept of percentage which greatly connected to the knowledge of percentage and 
decimals. Meanwhile, item 17 tests the students on making approximation of a product of two numbers. As decimals 
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and fractions are some of the concepts that these students are weak in, added with a higher level of number sense 
component, the students were unable to score a high level of competency in recognising how the four basic 
operations (addition, subtraction, multiplication and division) affects results of mathematical problems. 
 
The fifth strand, judging the reasonableness of computational results too shows a level of difficulty among the 
students. About 70% of the students were able to correctly answer item 19, while item 18 and 20 shows a very low 
level of competency. However, all these items refer to the concept of making approximation. 
6.        Conclusion and Suggestion 
From this study, we can find that despite having a high level of competency in performing algorithms in the 
classroom, these students are generally weak in understanding the meaning of number and operations, relative 
number sizes, composing numbers and recognising effect of operations on numbers. Despite obtaining high scores 
in school examinations, the data obtained from the sample shows that 47% of the respondents scored within the 
range of 6 to 9. 
 
The researcher feels that there is some truth in Yang, Hsu and Huang (2004) which stated that teaching processes 
which focused on written computation could not help children develop meaningful understanding. Students who 
were able to perform excellently in the classroom were facing difficulty in giving meaning to number sense 
questions that was administered to them. Perhaps that is the reason why NCTM highlighted the need for the 
development of number sense in the Principles and Standards for School Mathematics. (National Council of 
Teachers of Mathematics, 2000). 
 
Based on Table 1, the respondents showed a high level of competency in the mathematics achievement test (TOV 
2010) with a mean score of 86.38%. However, the same group of respondents had a mean score of 58.28% in their 
number sense competency. This comparison once again raises the issue of students demonstrating little 
understanding of numerical situations in solving number problems (Noor Azlan Ahmad Zanzali and Munirah 
Ghazali, 1999). 
 
Thus, to identify which strand is actually the hurdle that causes students to have a low level of competency in 
number sense, the researcher explores the data obtained from each strand of Number Sense. From this procedure, it 
is clear that students generally are weak in the top two high levels of the number sense strand; recognising the 
relative effect of operations on numbers and judging the reasonableness of computational results. This also comes to 
show that students have difficulty in the ability to mentally apply estimation strategies to problems without using 
written computation. 
 
From this study, it is also clear that students have not mastered the concept of fraction and decimal, which in turn 
leads to difficulty in the concept of percentages as well as multiplication and division of fractions and decimals. This 
proves that mathematics learning in the classroom consists of memorising activities devoid of meaning (Munirah 
Ghazali et al., 2003). In the mathematics achievement test, students are able to compute numbers involving fraction 
and decimal without much difficulty. If they can do so, why aren’t they able to estimate computations that involve 
fraction and decimal? Perhaps as Munirah Ghazali et al., (2003) mentioned in her study, students just memorise the 
method of computing involving fraction and decimal. But they may not have meaning to it that causes them to be 
unable to estimate such computations. 
 
To enable better understanding of the difficulties faced in each number sense strand, an in-depth interview 
concerning each item should be conducted among the respondents selected at random. In addition to this, a 
comparison between urban and rural students too can be correlated to create a better understanding of students’ level 
of competency in number sense as there are no reports pertaining to this field of study in number sense. The 
researcher hopes to further delve deeper into this topic with regards to the suggestions mentioned in her next 
research. 
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